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Abstract
Purpose To assess drinking occasions (volume and type) according to consumption with food in or outside meals, and 
location, for six countries.
Methods A total of 10,521 participants aged 4–65 years from Argentina, Brazil, China, Indonesia, Mexico and Uruguay 
completed a validated 7-day fluid intake record. For each drinking event, the volume consumed, the fluid type, the location 
of intake, and whether the drink was accompanied by food (meal or snack) or not, was recorded.
Results Similar drinking behaviors were found in Mexico and Argentina; fluid intake during meals was 48 and 45% of 
total fluid intake (TFI), respectively. In Brazil (55%), Indonesia (58%) and China (66%) most fluid was consumed without 
food. In Uruguay, 34% of TFI was with a main meal, 31% with food between meals and 35% without food. Indonesia had 
the highest median (25–75th percentile) TFI; 2520 (1750–3347) mL/day, and China the lowest 1138 (818–3347) mL/day. 
Water was consumed with meals for 37% of Chinese and 87% of Indonesian participants, while the four Latin-American 
American countries showed a preference for sweet drinks; 54% in Mexico, 67% in Brazil, 55% in Argentina and 59% in 
Uruguay. Diversity in fluid type was noted when drinking with food between meals. Apart from China, most drinking occa-
sions (> 75%) occurred at home.
Conclusions Three distinct drinking behaviors were identified, namely, drinking with meals, drinking as a stand-alone activ-
ity, and a type of ‘grazing’ (i.e., frequent drinks throughout the day) behavior. Most drinking occasions occurred at home.
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Introduction
Recent interest in the effects of hydration on health and 
disease [1–4] has resulted in increased reporting of total 
water intake (water from food moisture, drinking water 
and all other fluids) or total fluid intake (TFI) in many 
populations around the world [5–8]. These publications 
have identified countries or subpopulations potentially at 
risk of health consequences related to hypohydration. As a 
result, behavior change programs that encourage consump-
tion, particularly of healthy options, have been gaining 
attention. Ideally these programs should be designed to 
target the location and circumstances of consumption that 
will have the most impact. However, drinking behavior 
needs to be better understood in order to make behavior 
change in a particular setting (e.g., at home, in schools 
or the workplace). To facilitate a better understanding of 
drinking behavior, it is now apposite to study drinking 
behaviors in terms of not only what is drunk, but also 
when (e.g., with or without food) and where.
Increasingly, food and drink are being consumed out-
side the home. For example, in the USA, expenditure on 
food away from home increased from nearly 26% of total 
expenditure in 1970 to 43% in 2012 [9]. This change in 
behavior is being echoed in other, less affluent, countries 
such as Brazil [10]. This is perhaps unsurprising given 
the increasing amount of time spent away from home 
with increasing leisure time in many countries, particu-
larly developed countries such as the UK [11]. Eating in 
food outlets and “on the go” (food consumed away from a 
table and usually outside) has been associated with a less 
healthy diet [12]. A study by Nissensohn et al. [13] is one 
of the few that has attempted to look at drinking behavior 
and relate this to a variety score that in turn relates to 
health.
Drinking behavior, like eating behavior, is influenced 
by many factors including culture, religion, familial and 
peer influences, socioeconomic status, geographic loca-
tion, taste preferences, etc. [14–16]. Research on drink-
ing habits and the location of drinking occasions is an 
emerging area of interest; however, most studies focus 
on energy-containing drinks, especially sugar-sweetened 
beverages (SSB) [12, 17–20]. Undoubtedly, more research 
is needed on this topic. Therefore, it is important to con-
sider the most appropriate methodology that will capture 
all drinking occasions throughout the day and will also 
describe drinking habits [21]. The chosen methodology 
must be robust and able to capture an accurate picture 
of drinking behavior beyond 1 day, as it has been docu-
mented that drinking behavior changes over the course of 
a week [22]. There is increasing research into fluid con-
sumption during the day [13, 18, 21, 23–25] and over the 
week [26–28] although most methodologies have inher-
ent limitations when recording fluid intake. The use of a 
more appropriate methodology to study drinking behavior 
should further the understanding of this behavior.
While some studies, particularly national diet and nutri-
tion surveys, e.g., Kerr et al. [29], report consumption of 
fluids and foods, none have looked at drinking habits in 
relation to whether or not food was consumed with the 
fluid. Therefore, the primary aim of this study was to 
describe fluid intake during meals, other eating occasions 
outside of meals, and stand-alone drinking occasions (i.e., 
without food). The secondary aim of the present study was 
to identify the location of the drinking occasion.
Methods
Study population
The recruitment of participants and further details of the 
populations included in this analysis have been described 
previously [30–33].
Assessment of total fluid intake and fluid types
Participants were provided with the Liq.In7 record; a 7-day 
fluid-specific record validated for accuracy and reliabil-
ity [34]. The Liq.In7 record was presented in the official 
country language. The record had the same structure and 
content in all countries; this was adapted according to the 
brands available in each country. The record was delivered 
and explained to the participants during an interview at 
home. After a period of 7 days, the paper record was col-
lected by the researcher and checked with the participant 
for completion. An electronic version of the record was 
used in China. The Liq.In7 record was structured accord-
ing to occasions during the day, namely, awakening, meal 
times (breakfast, lunch, dinner), periods between meals 
(morning, before lunch/aperitif, afternoon, tea break, 
before dinner/aperitif, evening, just before going to bed) 
and during the night. The participants were instructed 
to report all drinking events at any moment of the day 
with the following details: fluid type, size of the container 
from which the fluid was drunk, actual volume consumed, 
where the consumption took place and if the fluid was 
consumed with or without food. Liq.In7 does not record 
food consumption. To assist the participants in estimat-
ing the precise volume of fluid consumed, a photographic 
booklet of standard fluid containers supported the records. 
For children younger than 12 years, the primary caregiver 
was responsible for completing the record.
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Classification and analysis of fluid types
Characteristics of TFI and consumption of different fluid 
types in the six countries are discussed further in other arti-
cles [30–33]. The fluids recorded were classified as: water 
(tap and bottled water); milk and milk derivatives; hot bev-
erages (coffee, tea and other hot beverages); 100% fruit 
juices; sugar-sweetened beverages (SSB) being carbonated 
soft drinks (CSD), juice-based drinks, functional beverages, 
e.g., energy and sports drinks, ready-to-drink tea & coffee 
and flavored water; artificial/non-nutritive sweeteners bever-
ages (A/NSB) (diet/zero/light soft drinks); and other bever-
ages. Volumes of all categories were summed to give total 
fluid intake (TFI).
Ethical considerations
Participants were given detailed information about the sur-
vey’s objectives, their involvement, their rights to confiden-
tiality, risks and benefits, and a clear explanation that partici-
pation in the survey was entirely voluntary. All participants 
gave informed oral consent and no monetary incentive was 
offered to take part in the survey. All data were recorded and 
analyzed anonymously. The survey protocol was reviewed 
and approved by the University of Arkansas Review Board 
(ref. 14-12-376).
Statistical analysis
Participants who did not complete the full 7 days of the Liq.
In7 record, those who reported a mean total daily fluid intake 
< 400 or > 4000 mL/day for children younger than 14 years 
and > 6000 mL/day for participants older than 14 years were 
excluded from the analysis. Due to the skewed distribution 
in intakes, TFI per drinking occasions and location are pre-
sented as medians and 25–75th percentiles as well as mean 
and standard error of mean. The intakes of the different fluid 
types are reported as median (25–75th percentiles). The 
mean and standard error of mean (SEM) of the fluid types 
can be found in the Online Source Tables S1a–c. As there 
were limited and inconsistent gender differences, these data 
are not presented according to gender.
The drinking occasions were classified into three catego-
ries (1) “meals” meaning that the act of consumption was 
during a main meal, (2) “outside of meals” meaning that the 
act of consumption was taken with food but not during one 
of the main meals, and (3) “without food” meaning that the 
act of consumption was taken without any food (a stand-
alone drinking occasion).
Locations of consumption were categorized for analy-
sis into the following categories; at home, at school/work/
university, including cafeterias, and all other locations, 
e.g., restaurant/bar/public house, transportation, friend/
acquaintance’s house, sports venue, shopping center, street, 
park, hotel, hospital. The variable “location” was not com-
pleted for all fluid intake acts, and these are reported in the 
online resources as “Unspecified”.
Results
Study population
The demographic characteristics of study population aged 
4–70 years (total sample size 10,521) for each of the six 
countries are shown in Table 1. Population characteristics 
per country and age group are shown in the Online Source 
Table S1.
Fluid intake according to drinking occasion
Table 2 shows the volume and contribution of TFI according 
to occasions for the total population in each country. Data 
and figures for individual age groups are given in the online 
resource Table S3 and Figure S1. Mexico and Argentina 
had broadly similar drinking behaviors: participants mainly 
drank during meals (48 and 45% of the TFI, respectively). 
However, for Brazilian (55%), Indonesian (58%) and Chi-
nese (66%) participants drinking is most often a stand-alone 
activity, outside of meals without any food. Only a few 
Chinese participants reported eating and drinking together 
between meals (6%). The participants in Uruguay reported 
drinking throughout the day consuming 34% of TFI with a 
main meal, 31% with food between main meals and 35% 
without food, respectively.
Fluid types according to drinking occasion
Table 3 and Fig. 1 show the median intakes of different 
fluid types and contribution to TFI by occasion respectively. 
These data by age group are presented in Figure S1. During 
Table 1  Demographic characteristics of the study population, by 
country
Age reported as mean ± standard deviation and gender as number 
(percentage of country sample)
Country Sample size Gender Age (years)
Male Female
Mexico 2346 1098 (47) 1248 (53) 30 ± 17
Brazil 817 354 (43) 463 (57) 27 ± 18
Argentina 1481 708 (48) 773 (52) 31 ± 17
Uruguay 819 409 (50) 410 (50) 29 ± 17
China 2233 1120 (50) 1113 (50) 27 ± 14
Indonesia 3644 1778 (49) 1866 (51) 30 ± 15
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main meals, sweet drinks (SSBs, A/NSBs and 100% fruit 
juices) were favored by the four Latin America countries; 
54% of drinks in Mexico, 67% in Brazil, 55% in Argentina 
and 59% in Uruguay. These sweet drinks constituted only 
28% of drinks consumed during meals in China and 7% in 
Indonesia. Water was favored during main meals in both 
China (37%) and Indonesia (84%).
There was more diversity in the fluid types consumed 
with food outside of meals. In Mexico and Brazil sweet 
drinks (SSBs, 100% fruit juice and A/NSBs) remained the 
most popular drinks when eating food outside of meals (39 
and 49%, respectively). In Argentina and Uruguay partici-
pants most frequently drank hot beverages (63 and 51%, 
respectively) on these occasions. Water was the most popu-
lar drink taken with food outside of meals in China (44%) 
and Indonesia (64%); however, 25% of fluid intake at these 
occasions in China was SSBs.
The most popular stand-alone drink (without food) 
was water with median (25th–75th percentiles) intakes 
ranging from 109 (0–336) mL/day in Uruguay to 1101 
(585–1749 mL/day) in Indonesia. However, when expressed 
as percentages, water constituted 36% of fluid intake 
consumed without food compared with 40% for hot bever-
ages. Data for each age category, by country, are shown in 
the Online Source Tables S4a–c.
Location of fluid consumption
In all countries except in China, most drinking occasions 
(over 75%) occur in the home (Table 4). In China, the 
median (25th–75th percentiles) of fluid consumed at home 
was 476 (271–734) mL/day with 349 (174–601) mL/day 
being consumed at school, university or work; therefore, 
only 43% of TFI was consumed at home. The Online Source 
Table S5 and Figure S3 show median intakes by location and 
age group, by country and Tables S6 shows median intakes 
by location and age group, by country.
Table 5 and Fig. 2 show the median intakes of different 
fluid types and contribution to TFI by location respec-
tively. In all countries the contributions of SSB and alco-
holic beverages to TFI were higher in locations other than 
those at home or school, university or work. In China the 
contribution of hot beverages at work was higher than the 
one at home, while in Mexico the opposite was observed. 
Table 2  Daily total fluid intake 
(mL/day) according to country 
and drinking occasion and the 
contribution to total fluid intake
SEM standard error of the mean, P25 25th percentile, P75 75th percentile, TFI total fluid intake
a “Unspecified” modality of variable not presented
Country Occasions Mean SEM Median P25 P75 Contribution 
to TFI (%)
Mexico (n = 2346) TFI 1677 20 1431 999 2068 100
Meals 810 12 708 402 1103 48
Outside of meals 232 7 100 0 328 14
Without food 636 14 441 171 886 38
Brazila (n = 817) TFI 1723 33 1499 1060 2211 100
Meals 474 13 397 201 657 28
Outside of meals 224 10 143 48 301 13
Without food 953 23 796 508 1218 55
Argentina (n = 1481) TFI 2162 26 2022 1454 2715 100
Meals 972 14 888 553 1312 45
Outside of meals 493 11 429 164 720 23
Without food 697 17 529 242 969 32
Uruguay (n = 819) TFI 1895 33 1731 1210 2415 100
Meals 653 16 584 323 867 34
Outside of meals 579 21 427 143 806 31
Without food 664 23 463 169 954 35
China (n = 2233) TFI 1300 15 1138 818 1582 100
Meals 370 6 300 173 481 28
Outside of meals 73 4 0 0 72 6
Without food 857 12 741 480 1113 66
Indonesia (n = 3644) TFI 2631 19 2520 1750 3347 100
Meals 684 8 630 376 900 26
Outside of meals 426 8 291 68 600 16
Without food 1521 15 1389 804 2106 58
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In the other countries the contribution of hot beverages 
was comparable between the locations. In Indonesia the 
contribution of SSB to TFI at home was limited (6%), 
whereas it increased up to 21% at school, university or 
work and even 42% at other locations.
Discussion
This study is the first time that drinking behavior, in 
terms of volume and fluid type, has been reported for 
Table 3  Median (25–75th percentiles) intake of fluid types (mL/day) according to drinking occasions
SSB sugar-sweetened beverages, A/NSB artificial/non-nutritive sweeteners beverages, TFI total fluid intake, ND no data
a Modality “Unspecified” of variable not presented
Country Occasion Water Milk and 
derivatives
Hot bever-
ages
SSB 100% fruit 
juices
A/NSB Alcoholic 
beverages
Other 
beverages
Mexico 
(n = 2346)
Daily total 410 (166–
846)
86 (0–257) 71 (0–243) 504 (275–
863)
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Meals 57 (0–215) 0 (0–107) 0 (0–107) 326 (129–
577)
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Outside of 
meals
0 (0–51) 0 (0–9) 0 (0–0) 0 (0–92) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Without food 184 (9–516) 0 (0–50) 0 (0–34) 43 (0–171) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Brazila 
(n = 817)
Daily total 521 (304–
858)
83 (0–247) 86 (0–221) 429 (216–
677)
50 (0–163) 0 (0–0) 0 (0–51) 0 (0–0)
Meals 0 (0–54) 0 (0–39) 0 (0–62) 189 
(65–392)
0 (0–70) 0 (0–0) 0 (0–0) 0 (0–0)
Outside of 
meals
0 (0–18) 0 (0–36) 0 (0–36) 34 (0–109) 0 (0–4) 0 (0–0) 0 (0–0) 0 (0–0)
Without food 427 (234–
728)
27 (0–107) 11 (0–71) 81 (12–192) 0 (0–43) 0 (0–0) 0 (0–0) 0 (0–0)
Argentina 
(n = 1481)
Daily total 350 
(95–779)
0 (0–163) 536 (234–
958)
411 (114–
824)
0 (0–0) 0 (0–143) 0 (0–101) 0 (0–0)
Meals 54 (0–350) 0 (0–0) 0 (0–143) 291 
(64–632)
0 (0–0) 0 (0–101) 0 (0–37) 0 (0–0)
Outside of 
meals
0 (0–32) 0 (0–36) 186 (0–489) 0 (0–64) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Without food 136 (0–386) 0 (0–0) 75 (0–321) 0 (0–109) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Uruguay 
(n = 819)
Daily total 375 (150–
736)
36 (0–286) 286 
(0–1040)
300 
(86–661)
0 (0–0) 0 (0–34) 0 (0–0) 0 (0–0)
Meals 51 (0–357) 0 (0–0) 0 (0–0) 150 (0–409) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Outside of 
meals
0 (0–25) 0 (0–207) 0 (0–340) 0 (0–50) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Without food 109 (0–336) 0 (0–0) 0 (0–321) 0 (0–100) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
China 
(n = 2233)
Daily total 554 (323–
889)
129 
(41–231)
13 (0–90) 172 
(51–357)
0 (0–54) 0 (0–0) 0 (0–2) 0 (0–0)
Meals 71 (4–179) 60 (0–129) 0 (0–0) 36 (0–120) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Outside of 
meals
0 (0–18) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Without food 410 (223–
700)
34 (0–103) 0 (0–54) 86 (0–207) 0 (0–17) 0 (0–0) 0 (0–0) 0 (0–0)
Indonesia 
(n = 3644)
Daily total 1924 (1296–
2707)
0 (0–80) 132 (0–333) 93 (0–311) 0 (0–0) 0 (0–0) ND 0 (0–0)
Meals 493 (245–
773)
0 (0–0) 0 (0–36) 0 (0–34) 0 (0–0) 0 (0–0) ND 0 (0–0)
Outside of 
meals
135 (0–377) 0 (0–0) 0 (0–75) 0 (0–51) 0 (0–0) 0 (0–0) ND 0 (0–0)
Without food 1101 
(585–1749)
0 (0–29) 0 (0–137) 17 (0–167) 0 (0–0) 0 (0–0) ND 0 (0–0)
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these populations by including whether or not food was 
also consumed, either as a meal or outside of meals. We 
describe three distinct drinking behaviors: drinking with 
meals, drinking as a stand-alone activity and a type of 
‘grazing’ (i.e., frequent drinking occasions throughout the 
day) behavior, which appear to be linked to social, cultural 
and dietary factors. This hypothetical link is based on the 
clear differences observed between countries. No compa-
rable studies are available for Argentina, Brazil, Mexico, 
Uruguay or Indonesia, although there have been reports 
on drinking occasions from China. A study in schools in 
China showed that 71% of TFI are consumed outside meals 
[35], which is remarkably similar to the present study 
reporting 72%. However, Zhang [23] reported that 52% 
of the fluid drunk during meals was water compared with 
37% in the present study. Water and fluid intake in China 
were quite different compared to the other countries in this 
analysis. The usual Chinese diet contains many dishes with 
a high water content (e.g., soups [36]); consequently, there 
is less need to drink fluid in order to chew and swallow 
food. The amount of total water intake derived from food 
in China has been estimated to be 40% [36] compared to 
21% in Indonesia [37]. Data on the water provided by food 
in the diet of the Latin American countries included in this 
analysis were not available.
Chinese, Indonesian and Brazilian participants most fre-
quently consumed fluids without food, while Mexican and 
Argentinian participants favored drinking with food, both 
during and between meals. The participants from Uruguay 
drank throughout the day, a behavior that may be described 
as ‘grazing’. Mate, a traditional hot infusion of the herb 
Ilex paraguayensis, is popular in Uruguay [31] and is con-
sumed throughout the day, which may partly explain this 
behavior. Several studies have described drinking behavior 
during and between mealtimes [13, 25, 27, 38] and others 
have described drinking occasions across the day [23, 39]. 
As in the present study, differences between countries were 
observed: e.g., in France drinking is concentrated during 
meal times [25, 27, 40], whilst a Spanish study concluded 
that time of day had no effect [13] on drinking behavior. 
Social and cultural factors, such as purchasing resources, 
and environmental and fiscal conditions may have a role in 
determining the type of drinking habits in a particular coun-
try. However, this requires further study. In addition, more 
information is needed to be able to establish the importance 
of such habits and their relevance to health.
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Fig. 1  Contribution of the different fluid types to total fluid intake according to drinking occasion, by country
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Water was the preferred drink when no food was eaten 
in all countries included in this study, except for Uruguay, 
which favored hot beverages, probably mate. However, there 
was more variation in the preferred type of drink when eat-
ing between meals. Eating food appeared to be a major 
determinant of fluid type choice especially during meals. 
To the best of our knowledge, only two other studies (both 
in children aged 4–17 years) have described the type of bev-
erages according to meals and between meal occasions. A 
study of British children aged 4–13 years showed that 60% 
of fluids were consumed at meal times and that the drink of 
choice varied over the course of the day [38]. At breakfast 
the favored drinks were milk, 100% fruit juices and hot bev-
erages; water-based fruit drinks (not 100% fruit juice) were 
favored at lunch, and fruit drinks, water, soda and milk at 
dinner time. Most SSBs were drunk at dinner time and in 
the afternoon. In contrast, a study in French children [40] 
showed that drinks were more likely to be consumed dur-
ing meals than with the British children. Again, there was 
a variation in types of drink consumed across the day; milk 
was favored at breakfast, while water was favored at lunch 
and dinner. The consumption of SSBs was relatively low in 
both groups of children. It is difficult to make comparisons 
between the present study and these two aforementioned 
studies for many reasons including the differences in age 
groups studied, i.e., 4–13 years vs. populations that included 
children, adolescents and adults. Secondly, timings of meals 
and between meal periods were not recorded in the present 
study as the focus was on whether or not food was consumed 
at the drinking occasions at all. Conversely, whether or not 
food was consumed at a drinking occasion was not recorded 
in these former studies.
It is interesting to note that terminology has an impact on 
whether or not fluids are included in studies. For example, 
definitions of an eating occasion, a meal or, in particular, 
a snack vary and are often based on the energy contents 
of the snacks [41]. This may result in stand-alone drinking 
occasions not being recorded accurately, especially those in 
which energy is not consumed, e.g., plain water [41]. In the 
present study, drinking occasions when food was not con-
sumed were variable, accounting for 32–55% of median fluid 
intake in the Latin American countries, 58% in Indonesia 
Table 4  Daily fluid intake (mL/
day) by location, by country
SEM standard error of the mean, P25 25th percentile, P75 75th percentile, TFI total fluid intake, Univ uni-
versity
a Modality “Unspecified” of variable not presented
Country Location Mean SEM Median P25 P75 Contribution 
to TFI (%)
Mexico (n = 2346) TFI 1677 20 1431 999 2068 100
At home 1368 17 1170 800 1725 82
At school/univ/work 177 8 0 0 184 11
Other locations 132 6 0 0 143 8
Brazila (n = 817) TFI 1723 33 1499 1060 2211 100
At home 1323 27 1141 794 1672 77
At school/univ/work 167 12 32 0 205 10
Other locations 221 12 100 0 286 13
Argentina (n = 1481) TFI 2162 26 2022 1454 2715 100
At home 1646 21 1535 1057 2086 76
At school/univ/work 339 13 154 0 507 16
Other locations 177 8 25 0 254 8
Uruguay (n = 819) TFI 1895 33 1731 1210 2415 100
At home 1511 28 1405 917 1945 80
At school/univ/work 289 16 114 0 350 15
Other locations 95 10 0 0 16 5
China (n = 2233) TFI 1300 15 1138 818 1582 100
At home 560 18 476 271 734 43
At school/univ/work 444 9 349 174 602 34
Other locations 296 7 204 70 426 23
Indonesia (n = 3644) TFI 2631 19 2520 1750 3347 100
At home 2287 18 2133 1467 2906 87
At school/univ/work 271 8 0 0 386 10
Other locations 73 4 0 0 34 3
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Table 5  Median (25–75th percentiles) intake of fluid types (mL/day) according to drinking locations
SSB sugar-sweetened beverages, A/NSB artificial/non-nutritive sweeteners beverages, TFI total fluid intake, ND no data
a Modality “Unspecified” of variable not presented
Country Location Water Milk and 
derivatives
Hot bever-
ages
SSB 100% fruit 
juices
A/NSB Alcoholic 
beverages
Other 
beverages
Mexico 
(n = 2346)
Daily total 410 (166–
846)
86 (0–257) 71 (0–243) 504 (275–
863)
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Home 323 (103–
707)
75 (0–231) 64 (0–214) 386 (180–
673)
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
School/univ/
office
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–43) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Other loca-
tions
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–63) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Brazila 
(n = 817)
Daily total 521 (304–
858)
83 (0–247) 86 (0–221) 429 (216–
677)
50 (0–163) 0 (0–0) 0 (0–51) 0 (0–0)
Home 407 (233–
681)
64 (0–206) 66 (0–180) 300 (136–
511)
34 (0–107) 0 (0–0) 0 (0–0) 0 (0–0)
School/univ/
office
0 (0–79) 0 (0–0) 0 (0–0) 0 (0–50) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Other loca-
tions
0 (0–43) 0 (0–0) 0 (0–0) 27 (0–105) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Argentina 
(n = 1481)
Daily total 350 
(95–779)
0 (0–163) 536 (234–
958)
411 (114–
824)
0 (0–0) 0 (0–143) 0 (0–101) 0 (0–0)
Home 250 
(43–600)
0 (0–139) 401 (150–
736)
278 
(42–645)
0 (0–0) 0 (0–100) 0 (0–3) 0 (0–0)
School/univ/
office
À (0–86) 0 (0–0) 0 (0–129) 0 (0–86) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Other loca-
tions
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–54) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Uruguay 
(n = 819)
Daily total 375 (150–
736)
36 (0–286) 286 
(0–1040)
300 
(86–661)
0 (0–0) 0 (0–34) 0 (0–0) 0 (0–0)
Home 300 
(86–643)
0 (0–250) 150 (0–817) 212 
(11–536)
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
School/univ/
office
0 (0–25) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Other loca-
tions
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
China 
(n = 2233)
Daily total 554 (323–
889)
129 
(41–231)
13 (0–90) 172 
(51–357)
0 (0–54) 0 (0–0) 0 (0–2) 0 (0–0)
Home 256 (107–
477)
64 (0–157) 0 (0–0) 0 (0–64) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
School/univ/
office
152 
(43–334)
0 (0–36) 0 (0–36) 43 (0–135) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Other loca-
tions
42 (0–118) 0 (0–38) 0 (0–18) 54 (0–150) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)
Indonesia 
(n = 3644)
Daily total 1924 (1296–
2707)
0 (0–80) 132 (0–333) 93 (0–311) 0 (0–0) 0 (0–0) ND 0 (0–0)
Home 1714 (1127–
2448)
0 (0–64) 103 (0–287) 34 (0–187) 0 (0–0) 0 (0–0) ND 0 (0–0)
School/univ/
office
0 (0–196) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) ND 0 (0–0)
Other loca-
tions
0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) ND 0 (0–0)
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and 66% in China. These stand-alone occasions represent 
significant contributions to TFI, and energy intake however, 
they may have been ignored in some studies as no food was 
consumed [42]. Snacking has been shown to be increasing in 
many countries [21, 43, 44] and soft and carbonated drinks 
have been found to be the most popular drink/snack-combi-
nations in some countries [45]. Encouragingly, some studies 
have recognized the importance of including drinks in such 
surveys [43, 45]. It is now pertinent to revise the definitions 
associated with the study of eating habits, particularly the 
definition of a snack, to accurately include drinking occa-
sions regardless of energy content.
Most drinking occasions occurred at home for all of the 
Latin-American countries and Indonesia; in China less than 
half of the TFI was consumed at home. Similarly, it was 
found that for French children [40] most drinking occurred 
outside the home. The previously mentioned study of British 
children [38] found that most drinking occasions occurred at 
home although the greatest volume of fluid was consumed 
outside the home. The largest volume was consumed in full 
service restaurants followed by fast food restaurants; soda 
(regular and diet) was the preferred drink in both types of 
restaurant. This is in accordance with other studies, despite 
plain water often being available free-of-charge at full-ser-
vice restaurants [17]. In the present study the contribution 
of SSB was largest at locations away from home, which con-
trasts with other studies that have found that most energy-
dense beverages were consumed at home [20, 41]. Other 
studies [38, 40] have shown that water is consumed in the 
largest volumes in schools; however, these studies were 
conducted in countries that have legislation on what types 
of drinks are available in schools. Interestingly, [19] con-
cluded that schools were a limited source of energy-dense 
beverages, especially when policies were in place to reduce 
their availability [46, 47]. However, these, and most other 
studies on this topic, have been conducted in USA, unlike 
the present intercontinental study. The influence of cultural 
and societal factors in drinking behavior requires further 
study. Encouragement of healthier drinking options, espe-
cially water, in schools and child care settings [48] will aid 
the development of healthy drinking behavior and facilitate 
education on this topic.
The present study has several strengths, not least the use 
of a validated methodology that captures all drinking occa-
sions [34]. In addition, a harmonized survey methodology 
was used across all the studied countries that resulted in 
a population size of over 10,000 participants, which fur-
ther strengthens the findings. The approach to categorize 
drinking occasions as to whether or not food was consumed, 
was innovative and facilitated interesting comparisons of 
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cross cultural drinking behaviors. However, the sample size 
was insufficient to ensure a powerful analysis of fluid types 
according to locations. As with any form of dietary survey 
there is a potential for a selection bias, with people more 
interested in the research participating in the survey. In addi-
tion other factors that influence drinking behavior such as 
climate, level of education and physical activity have not 
been considered in this analysis.
Conclusions
In conclusion, this is the first study to report drinking behav-
ior in relation to eating occasions and location using harmo-
nized and validated methodology. This study showed clear 
differences between countries and identified distinct drink-
ing behaviors. These behaviors suggest that eating food was 
associated with the choice of fluid type. Further studies are 
needed to explore reasons for differences in drinking behav-
ior, especially cultural factors. Understanding drinking hab-
its is particularly important given the increasing recognition 
of the role of healthy hydration in the prevention and man-
agement of several diseases, including cardiometabolic and 
renal conditions. In particular, understanding drinking habits 
in terms of location should inform the rationale for further 
public health programs and policies. As such, culturally, and 
country-specific interventions will be more relevant to the 
targeted population and, therefore, hopefully more effective.
Acknowledgements Participants’ recruitment and data collection in 
all countries were carried out by IPSOS.
Compliance with ethical standards 
Conflict of interest CM and IG are full-time employees of Danone Re-
search. JS-S, LAM, SAK, JG, and HM are members of the advisory 
board on fluid intake of Danone Research, and have received consul-
tancies from Danone Research. SAK was a consultant for Quest Diag-
nostics and has active research grants from Danone Research. JS-S and 
LAM have received consultancies from Danone S.A.
Ethical approval All the participants give their consent prior the inclu-
sion in the study. All data were recorded anonymously. The protocol 
of the surveys was reviewed and approved by the Institutional Review 
Board, Office of Research Compliance of the University of Arkansas 
(IRB Protocol # 14-12-376).
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
 1. Popkin BM, D’Anci KE, Rosenberg IH (2010) Water, hydra-
tion, and health. Nutr Rev 68(8):439–458. https ://doi.org/10.11
11/j.1753-4887.2010.00304 .x
 2. Pross N, Demazieres A, Girard N, Barnouin R, Metzger D, Klein 
A, Perrier E, Guelinckx I (2014) Effects of changes in water intake 
on mood of high and low drinkers. PLoS One 9(4):e94754. https 
://doi.org/10.1371/journ al.pone.00947 54
 3. Armstrong LE, Barquera S, Duhamel JF, Hardinsyah R, Haslam 
D, Lafontan M (2013) Recommendations for healthier hydration: 
addressing the public health issues of obesity and type 2 diabetes. 
Clin Obesity 2:115–124. https ://doi.org/10.1111/cob.12006 
 4. Lotan Y, Daudon M, Bruyere F, Talaska G, Strippoli G, Johnson 
RJ, Tack I (2013) Impact of fluid intake in the prevention of uri-
nary system diseases: a brief review. Curr Opin Nephrol Hyper-
tens 22(Suppl 1):S1–10. https ://doi.org/10.1097/MNH.0b013 
e3283 60a26 8
 5. Guelinckx I, Iglesia I, Bottin JH, De Miguel-Etayo P, Gonzalez-
Gil EM, Salas-Salvado J, Kavouras SA, Gandy J, Martinez H, 
Bardosono S, Abdollahi M, Nasseri E, Jarosz A, Ma G, Carmuega 
E, Thiebaut I, Moreno LA (2015) Intake of water and beverages of 
children and adolescents in 13 countries. Eur J Nutr 54(S2):69–79. 
https ://doi.org/10.1007/s0039 4-015-0955-5
 6. Iglesia I, Guelinckx I, De Miguel-Etayo PM, Gonzalez-Gil EM, 
Salas-Salvado J, Kavouras SA, Gandy J, Martinez H, Bardosono 
S, Abdollahi M, Nasseri E, Jarosz A, Ma G, Carmuega E, Thie-
baut I, Moreno LA (2015) Total fluid intake of children and ado-
lescents: cross-sectional surveys in 13 countries worldwide. Eur 
J Nutr 54(S2):57–67. https ://doi.org/10.1007/s0039 4-015-0946-6
 7. Guelinckx I, Ferreira-Pego C, Moreno LA, Kavouras SA, Gandy 
J, Martinez H, Bardosono S, Abdollahi M, Nasseri E, Jarosz A, 
Ma G, Carmuega E, Babio N, Salas-Salvado J (2015) Intake of 
water and different beverages in adults across 13 countries. Eur J 
Nutr 54(S2):S45–S55
 8. Ferreira-Pego C, Guelinckx I, Moreno LA, Kavouras SA, Gandy 
J, Martinez H, Bardosono S, Abdollahi M, Nasseri E, Jarosz A, 
Babio N, Salas-Salvado J (2015) Total fluid intake and its deter-
minants: cross-sectional surveys among adults in 13 countries 
worldwide. Eur J Nutr 54(S2):35–43. https ://doi.org/10.1007/
s0039 4-015-0943-9
 9. United States Department of Agricultural (2016) Food expendi-
tures. https ://www.ers.usda.gov/data-produ cts/food-expen ditur es/
food-expen ditur es/#Food%20Exp endit ures. Accessed 3 May 2018
 10. Claro RM, Baraldi LG, Martins AP, Bandoni DH, Levy RB (2014) 
Trends in spending on eating away from home in Brazil, 2002–
2003 to 2008–2009. Cad Saude Publica 30(7):1418–1426
 11. Gershuny J, Sullivan O (2017) United Kingdom time use survey, 
2014–2015. SN: 8128. http://doi.org/10.5255/UKDA-SN-8128-1. 
Accessed 3 May 2018
 12. Ziauddeen N, Almiron-Roig E, Penney TL, Nicholson S, Kirk 
SFL, Page P (2017) Eating at food outlets and “On the Go” is 
associated with less healthy food choices in adults: cross-sec-
tional data from the UK national diet and nutrition survey roll-
ing programme (2008–2014). Nutrients 9(12):E1315. https ://doi.
org/10.3390/nu912 1315
 13. Nissensohn M, Sanchez-Villegas A, Ortega RM, Aranceta-Bar-
trina J, Gil A, Gonzalez-Gross M, Varela-Moreiras G, Serra-
Majem L (2016) Beverage consumption habits and association 
with total water and energy intakes in the Spanish population: 
findings of the ANIBES study. Nutrients 8(4):232. https ://doi.
org/10.3390/nu804 0232
 14. Bellisle F (2014) Meals and snacking, diet quality and energy bal-
ance. Physiol Behav 134:38–43. https ://doi.org/10.1016/j.physb 
eh.2014.03.010
S111European Journal of Nutrition (2018) 57 (Suppl 3):S101–S112 
1 3
 15. Leonard WR (2014) The global diversity of eating patterns: 
human nutritional health in comparative perspective. Physiol 
Behav 134:5–14. https ://doi.org/10.1016/j.physb eh.2014.02.050
 16. Lopez NV, Ayala GX, Corder K, Eisenberg CM, Zive MM, Wood 
C, Elder JP (2012) Parent support and parent-mediated behav-
iors are associated with children’s sugary beverage consump-
tion. J Acad Nutr Diet 112(4):541–547. https ://doi.org/10.1016/j.
jand.2011.11.013
 17. An R (2016) Beverage consumption in relation to discretion-
ary food intake and diet quality among US adults, 2003–2012. 
J Acad Nutr Diet 116(1):28–37. https ://doi.org/10.1016/j.
jand.2015.08.009
 18. Bleich SN, Wang YC, Wang Y, Gortmaker SL (2009) Increasing 
consumption of sugar-sweetened beverages among US adults: 
1988–1994 to 1999–2004. Am J Clin Nutr 89(1):372–381. https 
://doi.org/10.3945/ajcn.2008.26883 
 19. Wang YC, Bleich SN, Gortmaker SL (2008) Increasing caloric 
contribution from sugar-sweetened beverages and 100% fruit 
juices among US children and adolescents, 1988–2004. Pediatrics 
121(6):e1604–1614. https ://doi.org/10.1542/peds.2007-2834
 20. Briefel RR, Wilson A, Gleason PM (2009) Consumption of low-
nutrient, energy-dense foods and beverages at school, home, and 
other locations among school lunch participants and nonpartici-
pants. J Am Diet Assoc 109(S2):S79–90. https ://doi.org/10.1016/j.
jada.2008.10.064
 21. Popkin BM, Duffey KJ (2010) Does hunger and satiety drive eat-
ing anymore? Increasing eating occasions and decreasing time 
between eating occasions in the United States. Am J Clin Nutr 
91(5):1342–1347. https ://doi.org/10.3945/ajcn.2009.28962 
 22. Guelinckx IHF, Perrier E, Kemgang S, Klein A, Josse J (2014) 
Different fluid intake patterns across the week can be identified 
in German adults. FASEB J 28(1):LB378
 23. Zhang Q, Hu XQ, Du SM, Pan H, Wang XJ, Zhang D, Zhu ZN, 
Luo Y, Ju Y, Ma GS (2013) Drinking in different periods of a day 
of primary and middle school students in four cities of China. 
Chine J Prev Med 47(3):214–218
 24. Zhang QZJ, Pan H, Wang X, Zou S, Li X, Lu L, Nie S, Hu X, Ma 
G (2013) Drinking behaviors of adults at different time of day 
in four cities of China in summer. Article in Chinese. J Hyg Res 
42(2):263–268
 25. Bellisle F, Thornton SN, Hebel P, Denizeau M, Tahiri M (2010) A 
study of fluid intake from beverages in a sample of healthy French 
children, adolescents and adults. Eur J Clin Nutr 64(4):350–355. 
https ://doi.org/10.1038/ejcn.2010.4
 26. Paulsen MM, Myhre JB, Andersen LF (2016) Beverage consump-
tion patterns among norwegian adults. Nutrients 8(9):561. https ://
doi.org/10.3390/nu809 0561
 27. Edelenyi FS, Druesne-Pecollo N, Arnault N, Gonzalez R, Bus-
cail C, Galan P (2016) Characteristics of beverage consumption 
habits among a large sample of french adults: associations with 
total water and energy intakes. Nutrients 8(10):627. https ://doi.
org/10.3390/nu810 0627
 28. Gibson S, Shirreffs SM (2013) Beverage consumption hab-
its “24/7” among British adults: association with total 
water intake and energy intake. Nutr J 12:9. https ://doi.
org/10.1186/1475-2891-12-9
 29. Kerr MA, Rennie KL, McCaffrey TA, Wallace JM, Hannon-
Fletcher MP, Livingstone MB (2009) Snacking patterns among 
adolescents: a comparison of type, frequency and portion size 
between Britain in 1997 and Northern Ireland in 2005. Br J Nutr 
101(1):122–131. https ://doi.org/10.1017/S0007 11450 89947 69
 30. Zhang NMC, Guelinckx I, Moreno LA, Kavouras SA, Gandy J, 
Martinez H, Salas-Salvadó J, Ma G (2018) Fluid intake in China: 
results of the 2016 Liq.in7 national cross-sectional surveys. Eur J 
Nutr. https ://doi.org/10.1007/s0039 4-018-1747-5 (Submitted for 
publication). 
 31. Martinez HMC, Gandy J, Carmuega E, Arredondo JL, Pimen-
tel C, Moreno LA, Kavouras SA, Salas-Salvadó J, Guelinckx I 
(2018) Fluid intake of Latin American adults: results of four 2016 
Liq.in7 national cross-sectional surveys. Eur J Nutr. https ://doi.
org/10.1007/s0039 4-018-1724-z (Submitted for publication)
 32. Laksmi PWMC, Gandy J, Moreno LA, Kavouras SA, Martinez 
H, Salas-Salvadó J, Guelinckx I (2018) Fluid intake in Indonesia: 
results of the 2016 Liq.in7 national cross-sectional survey. Eur J 
Nutr. https ://doi.org/10.1007/s0039 4-018-1740-z (Submitted for 
publication)
 33. Gandy JMH, Carmuega E, Arredondo JL, Pimmental C, Moreno 
LA, Kavouras SA, Salas-Salvadó J, Guelinckx I (2018) Fluid 
intake of Latin American children and adolescents: results of four 
2016 Liq.in7 national cross-sectional surveys. Eur J Nutr. https ://
doi.org/10.1007/s0039 4-018-1728-8 (Submitted for publication)
 34. Johnson EC, Peronnet F, Jansen LT, Capitan-Jimenez C, Adams 
JD, Guelinckx I, Jimenez L, Mauromoustakos A, Kavouras SA 
(2017) Validation testing demonstrates efficacy of a 7-day fluid 
record to estimate daily water intake in adult men and women 
when compared with total body water turnover measurement. J 
Nutr 147(10):2001–2007. https ://doi.org/10.3945/jn.117.25337 7
 35. Wang XJ, Hu XQ, Du SM, Pan H, Zhang Q, Yan L, Wang ZY, Nie 
SP, Yang JB, Ma GS (2013) The relationship between within-day 
drinking occasion and intake amount of water of primary and 
middle school students in four cities of China. Chin J Prev Med i 
47(3):206–209
 36. Ma G, Zhang Q, Liu A, Zuo J, Zhang W, Zou S, Li X, Lu L, 
Pan H, Hu X (2012) Fluid intake of adults in four Chinese 
cities. Nutr Rev 70(S2):S105–S110. https ://doi.org/10.111
1/j.1753-4887.2012.00520 .x [doi]
 37. Briawan DRP, Ka D (2011) Drinking habits and fluids intakes of 
school children in urban. J Nutr Food 6(3):186–191
 38. Vieux F, Maillot M, Constant F, Drewnowski A (2017) Water and 
beverage consumption patterns among 4 to 13-year-old children 
in the United Kingdom. BMC Public Health 17(1):479. https ://
doi.org/10.1186/s1288 9-017-4400-y
 39. Barraj L, Scrafford C, Lantz J, Daniels C, Mihlan G (2009) 
Within-day drinking water consumption patterns: results from a 
drinking water consumption survey. J Expo Sci Environ Epide-
miol 19(4):382–395. https ://doi.org/10.1038/jes.2008.28
 40. Vieux F, Maillot M, Constant F, Drewnowski A (2016) Water 
and beverage consumption among children aged 4–13 years in 
France: analyses of INCA 2 (Etude Individuelle Nationale des 
Consommations Alimentaires 2006–2007) data. Public Health 
Nutr 19(13):2305–2314. https ://doi.org/10.1017/s1368 98001 
50036 14
 41. Leech RM, Worsley A, Timperio A, McNaughton SA (2015) 
Understanding meal patterns: definitions, methodology and 
impact on nutrient intake and diet quality. Nutr Res Rev 28(1):1–
21. https ://doi.org/10.1017/S0954 42241 40002 62
 42. Warde A, Yates L (2017) Understanding eating events: snacks 
and MEAL PATTERNS in Great Britain. Food Culture Society 
20(1):15–36. https ://doi.org/10.1080/15528 014.2016.12437 63
 43. Duffey KJ, Pereira RA, Popkin BM (2013) Prevalence and energy 
intake from snacking in Brazil: analysis of the first nationwide 
individual survey. Eur J Clin Nutr 67(8):868–874. https ://doi.
org/10.1038/ejcn.2013.60
 44. Piernas C, Popkin BM (2010) Snacking increased among U.S. 
adults between 1977 and 2006. J Nutr 140(2):325–332. https ://
doi.org/10.3945/jn.109.11276 3
 45. James J, Kerr D (2005) Prevention of childhood obesity by reduc-
ing soft drinks. Int J Obes (Lond) 29(S2):S54–57. https ://doi.
org/10.1038/sj.ijo.08030 62
 46. Miller GF, Sliwa S, Brener ND, Park S, Merlo CL (2016) 
School district policies and adolescents’ soda consumption. J 
S112 European Journal of Nutrition (2018) 57 (Suppl 3):S101–S112
1 3
Adolesc Health 59(1):17–23. https ://doi.org/10.1016/j.jadoh ealth 
.2016.02.003
 47. Terry-McElrath YM, Chriqui JF, O’Malley PM, Chaloupka FJ, 
Johnston LD (2015) Regular soda policies, school availability, and 
high school student consumption. Am J Prev Med 48(4):436–444. 
https ://doi.org/10.1016/j.amepr e.2014.10.022
 48. Patel AI, Hampton KE (2011) Encouraging consumption of water 
in school and child care settings: access, challenges, and strategies 
for improvement. Am J Public Health 101(8):1370–1379. https ://
doi.org/10.2105/AJPH.2011.30014 2
